Let V be a smooth projective 3-fold of general type. Denote by K 3 , a rational number, the self-intersection of the canonical sheaf of any minimal model of V .
Introduction
To classify algebraic varieties is one of the main goals of algebraic geometry. Some explainations about the explicit structure of algebraic threefolds can be found in the book [11] edited by Corti and Reid.
Let V be a smooth projective 3-fold of general type. The 3-dimensional MMP allows us to pick a minimal model X of V and X has at worst Q-factorial terminal singularities. A recent work of Takayama ([22] ) and Hacon-M c Kernan ( [14] ) established the existence of a lower bound for the canonical volume in all dimensions. There have been some concrete known bounds already. In [4] ?
If dim Φ m (X) = 2, we see that a general fiber of f m is a smooth projective curve of genus g ≥ 2. We say that X is canonically fibred by curves of genus g.
If dim Φ m (X) = 1, we see that a general fiber S ′ m of f m is a smooth projective surface of general type. We say that X is canonically fibred by surfaces. We may write M m ∼ num aS ′ m where a ≥ P m (X) − 1. Particularly, if B=P 1 , then we say that |mK X | is composed of a rational pencil. Otherwise, we say that |mK X | is composed of a irrational pencil.
Throughout this paper the symbol ≡ stands for the nunmerical equivalence of divisors, whereas ∼ lin denotes the linear equivalence and = Q denotes the Q-linear equivalence.
Some lemmas
Following the techniques developed by M. Chen [4, 8, 9] , we can prove the next couple of lemmas which are used to show our main theorem. 
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Proof. We analyze the bound in the following three cases. 
If h 1 (C 12 , D) = 0, noting that C 12 lives in a covering family of a general type 3-fold and is hence of genus at least 2, then
which implies deg D ≥ 4.
Then, the desired result follows from (1) and (2) at once.
Recall that S 12 is a generic irreducible element of |M 12 |. S 12 | S 12 ∼ num bC 12 where
If we take m >> 0, then by theorem 2.4 in [9] , we have mπ 
Lemma 2. Let X be a projective minimal 3-fold of general type with only Q-factorial
Proof. Since P m (X) = 2, dim φ m (X) = 1. And we can write mπ
256 for the same reason as above. If g(B) = 0, due to Kollár's technique, we have
and F m is an effective Q-divisor.
| has no fixed part by [Bombieri, Reider, Miyaoka, Catanese] . Take C 3 the general member of |3σ * (K S 0 )|. Thus
The proof of Main Theorem 1
We always assume X to be a projective minimal 3-fold of general type with only Qfactorial terminal singularities and with χ(O X ) = 1. Let us recall Reid's plurigenera formula (at page 413 of [19] ) for a minimal 3-fold X of general type:
where m > 1 is an integer, the correction term
where the sum Q runs through all baskets Q of singularities of type 1 r (a, −a, 1) with the positive integer a coprime to r, 0 < a < r, 0 < b < r, ab ≡ 1 (mod r),bj the smallest residue of bj mod r. Reid's result (Theorem 10.2 in [19] ) says that the above baskets Q of singularities are in fact virtual (!) and that one need not worry about the authentic type of all those terminal singularities on X, though X may have nonquotient terminal singularities. Iano-Fletcher ( [13] ) has showed that the set of baskets Q in Reid's formula is uniquely determined by X. 
Lemma 4. [12, lemma 3.2] Suppose α > β are integers. Then we have
for all n < β < α.
where
Proof. By Lemma 3, we have
Since
we get
This implies
Thus we have
It follows from Lemma 3 that l(6) ≥ l(4) + l(2). Simple calculation yields
Assume P 2m (X) ≥ m, then we have
and
X ′ is fixed which is a contradiction. Assume P 6 (X) = 3 and P 12 (X) = 4. Keep the same notation as in section 2. We study f 6 :
where S 6 is the general member of the movable part of |6K X ′ |. Consider the following exact sequence:
the surjective map is due to Kawamata-Viehweg vanishing theorem. Therefore,
So we are done.
Proof of Main Theorem. If P 6 (X) ≥ 2 or P 4 (X) ≥ 2, one can conclude that
420 by lemma 1, lemma 2 and lemma 8. Firstly, we deal with the case P 12 (X) = 4. Due to Lemma 7, we have P 2 (X) = 0.
If P 3 (X) ≥ 2, then P 6 (X) ≥ 3. Otherwise, one can derive 3K X ′ is fixed which is a contradiction. Thus P 12 (X) ≥ 5. Since P 6 (X) ≤ 1 and P 4 (X) ≤ 1, we have the following five cases: (i) P 2 (X) = 0, P 3 (X) = 0, P 4 (X) = 0 and P 6 (X) = 0;
(ii) P 2 (X) = 0, P 3 (X) = 0, P 4 (X) = 0 and P 6 (X) = 1; (iii) P 2 (X) = 0, P 3 (X) = 0, P 4 (X) = 1 and P 6 (X) = 1; (iv) P 2 (X) = 0, P 3 (X) = 1, P 4 (X) = 0 and P 6 (X) = 1; (v) P 2 (X) = 0, P 3 (X) = 1, P 4 (X) = 1 and P 6 (X) = 1.
We use the matrix E (firstly used by Fletcher [12] and such matrix is not unique)
Obviously, one has the following equalities due to Reid's formula (at page 413 in [19] ), setting ∆ n := n 2 l(2) + l(n) − l(n + 1):
For brief, we denote by Proof. Let Q be a singularity of type 1 s (a, −a, 1) and Q ′ be a singularity of type 1 s (1, −1, 1) . Then by lemma 6,
On the other hand, due to Reid [19] ,
which means P 12 (X) ≥ 5.
All the datum are listed in Appendix 1.
For Case (i). We have
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Reducing ∇ via the matrix E, gives four new equations:
By reference to Appendix 1, one solution is found: 2 ×
60 . In the case (ii) through (v), one has, respectively: (6, 4, 7, 21) , (1, 8, 4, 6) , (2, 7, 8, 15) .
Using the same technique as above and searched by computer, the all solutions of case 2 to case 5 respectively are: iii. 4 iii. 4 As for P 12 = 3, we have the same five cases as above and the corresponding datum: (5, 5, 3, 13) , (6, 4, 7, 22) , (1, 8, 4, 7) , (2, 7, 8, 16 ii. ii. ii. ii. iii. iii. iii. iii. iii. The last but two solution is the codimension 1 hypersurface X 46 ⊂ P (4, 5, 6, 7, 23) in [11] .
As for P 12 (X) = 1 and P 12 (X) = 2, we have the same cases. Noting that P 4 (X) ≤ 1 and P 6 (X) ≤ 1 in these two cases, our table is integrated: ii. ii. ii. Proof. Since P 7 (X) = −13 + 7×6×13 12
448 by lemma 2, a contradiction. Proof. According to Reid (see (10. 3) of [19] ), one has
Miyaoka [18] says K X · c 2 ≥ 0. Thus we get the inequality
Now since the datum in this claim doesn't fit into the above inequality, this solution doesn't exist. By the way, the effectivity of Miyaoka-Reid inequality was firstly observed in [21] . 
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106. ⋆The first 100 datum can also be found in [12] . And to my knowledge, the notations ∆ n were firstly used by Fletcher and Reid (see [12] ).
